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Genotypic and Genetic Relationship Analysis of Ornamental Kale
( Brassica oleracea var. acephala)by SSR Markers
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Abstract : Kales( Brassica oleracea L. ,var. acephala DC. ) ,which are widely cultivated as ornamental plants in
wintertime or cold areas, play important roles for urban landscaping. Domestic breeding of ornamental kale starts lat-
er,and there was a lack of system researches about genetic backgrounds of germplasm resources. SSR markers were
utilized in this research for genotypic and genetic relationship analysis of different ornamental kale types. 46 pairs of
polymorphic SSR primers from 99 SSR primers which were uniformly distributed on B. oleracea L. genome were se-
lected for polymorphism and genotypic analysis of 27 ornamental kales. 210 polymorphic loci were obtained by 46
pairs of SSR primers and the average polymorphism information content( PIC) was 0. 58. The genotypic result of 27
ornamental kales was used for further STRUCTRE , UPGMA and heat map clustering analysis. 27 ornamental kales
were classified into three groups;round leaf group,leather leaf group and crinkle leaf group by STRUCTRE , UPGMA
and heat map clustering analysis whose clustering results were consistent. Round leaf and leather leaf group had
close genetic relationship, while crinkle leaf group had longer genetic distance with them. And STRUCTURE analy-
sis could also distinct hybrids whose parents belonged to diverse groups. The genotypic results could be well demon-

strated by heat map clustering analysis. These results could lay the foundation for constructing molecular fingerprints
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of ornamental kale, illuminating genetic background of germplasm resources, molecular assistant selection in orna-

mental kale breeding,and breeding of new varieties with independent intellectual property rights.

Key words ; ornamental kale ; SSR genotyping ; population structure ; clustering analysis ; genetic relationship
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Table 1 27 ornamental kale materials in this research
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1 MREAE

1.1 iRIewrat

AR | B ¥/ VR o e B ) S RN S /B SN
SR G IR H W H AC R 4 1y, 8 3/ 5
FREARAFH DH & 16 iy, — QA58 i (F, ) 7
Oy, A3t 27 bk, o S 2R AR R 10 1,
HEEAIBERL 10 43, PIE 2R ABUATRE 7 1 L A8} 13
0y L ERR 13 0y, B ER R iy, BPRLA PRI
FEETEWLFR 1 FE 1,

BT TR A TR IR AR A R FR A i 28 5 ~
6 d, FEIBCF AR RS, SR ek R CTAB B $2 HUR:
i DNA

i LR H IR Ei] Al

No. Name Source Type Phenotype

1 05-DH-44 /N RS XA A FANERELI
Micro spore culture Double haploid( DH) Red leather leaf

2 06-DH-77 INMETF R XA P
Micro spore culture Double haploid( DH) White leather leaf

3 11-DH-312 TR XLEAE A NGNS
Micro spore culture Double haploid( DH) Red leather leaf

4 05-DH-51 AT F SR XLEpAE A 215 i
Micro spore culture Double haploid( DH) Red round leaf

5 07-DH-33 /N B 5 KLEAAFAA gt
Micro spore culture Double haploid( DH) White crinkle leaf

6 Y-J-162 517 mICHA R SRk

Introduction Self-line White crinkle leaf
7 05-DH-65 /N REFR PLE AL ARG

Micro spore culture

Double haploid( DH) Red round leaf
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G ZFK P HH =AY
No. Name Source Type Phenotype
8 07-DH-34 /MR BAG P
Micro spore culture Double haploid( DH) White round leaf
9 Y-J-164 517 [ETMER'ES SRERTI
Introduction Self-line White crinkle leaf
10 05-DH-72 /N REFR XA A 5
Micro spore culture Double haploid( DH) White round leaf
11 07-75 517 [EEAMMER' S SRERT
Introduction Self-line White crinkle leaf
12 g 4 %5 FAEFh T i SREEIT
'Jingguanbai 4#' Fy hybrid Commercial variety White crinkle leaf
13 05-DH-126 /MRS XA EARGE U
Micro spore culture Double haploid( DH) Red crinkle leaf
14 10-DH-58 M EESR KL L
Micro spore culture Double haploid( DH) White round leaf
15 TURLL 6 5 FeALF T it i FANCE U
'Jingguanhong 6#’ Fy hybrid Commercial variety Red crinkle leaf
16 06-DH-62 TSR WA ARy
Micro spore culture Double haploid( DH) Red round leaf
17 10-DH-64 INLF RS JOEERTIS Sty
Micro spore culture Double haploid( DH) White round leaf
18 FEH3 A STl T it i SR
'Jinglianbai 3#’ F, hybrid Commercial variety White round leaf
19 06-DH-71 /MIT SR AL A A p
Micro spore culture Double haploid( DH) White leather leaf
20 10-DH-105 MR SR KL AREITE
Micro spore culture Double haploid( DH) Red crinkle leaf
21 L2 5 BT i Zreapnt
'Jinglianhong 2#' Fy hybrid Commercial variety Red round leaf
22 06-DH-76 /METHIR BLEAE A H @Rt
Micro spore culture Double haploid( DH) White round leaf
23 10-DH-123 M RER RAG ARk
Micro spore culture Double haploid( DH) Red crinkle leaf
24 w25 23Rl T it il EARGRE
'Jingyuhong 2#’ F, hybrid Commercial variety Red leather leaf
25 TPILL 45 AT A FANGRE S
'Jingyuhong 4#' F, hybrid Commercial variety Red leather leaf
26 TR 2 5 FAZHh A T
'Jingyufen 2#' F, hybrid Commercial variety Pink leather leaf
27 GIE 517 mIUHAE R NGRS
Introducted red crinkle leaf Introduction Self-line Red crinkle leaf

sty o 24 B S 75 BB S 5 | 0 s e e b

The materials whose names shown in bold were used for markers selection
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Fig.1 The photos of the 27 ornamental kales on colored period
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ARG B SSR G142k H W. X. Wang 4512012
AR R R HE AL 1 AR e T AR
BI5) 53 A0 99 X514, ¥R A e Ak b 11 X,
U TR A Y HARA B B (TsingKe biological
Technology Co,. Ltd. ) & hl,

PCR FJWR ] 15 WL R RiAA &, Horb A 45 1A
DNA (10 ng/pL) 5 pL, 10 x Buffer ( 7% MgCl,
15 mmol/L)1.5 pL,dNTP(2.5 mmol/L each)1.3 plL,
RS I#(10 pmol/L) 4% 0.5 WL, Taq B (5 U/wL)
0.2 pL,ddH,0 6 pL, fr K340 A e 044
YA B2 F] ( TransGen Biotech Co,. Ltd. ),

PCR R R 94 °C FilZASVE 4 min ;94 °CARPE
30 5,60 °CiH 2k 30 s,72 °C ZEf 45 5,35 DEIF,
72 CHEMf 7 min;4 CIRAT
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TR e ) AR AR Y 2 At Sl Sk
SRIG X, A 1 2 1Y 2% R0 40 8000 5080 24 4
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MHIE RS R B ALY 25 E B & i
(PIC, polymorphism information content) , PIC =1 —
3 (P Hr PONRHA T S | AL R RS
R, I BEGERE & FEAPRUM G 2381
g,

1A Structure v2. 3. 4 F#fl? X 27 By FIACH
AR T REA S M R, B GE 4T MCMC
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( Markov Chain Monte Carlo) JF & i5f A 1F %% 254X
(length of burn-in period ) 5015 & A 10000 , FREEASE
BOEAUR B B UCEORE 100000 1K, 35645 2
FEPIPRAM AR, e AR H O 2 ~ 10, R4
K HE 173 ),

8 I NTSYSpe2. 11 2% 4] UPGMA #A75RE
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ﬁj‘ﬁ*ﬂr( 1 P AFRIHLE S B X 99 XF SSR 5]
VWi T2 @’ﬁﬁ,,ﬁﬁmvfﬂlﬂwﬁ%#@k
SIERE SR AT IR E Y Y 46 XF (% 2),
HEHD 27 45m HIEA B R IC Y 1 Ao B SR 3
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Table 2 The distribution on chromosomes, numbers of amplified loci and PIC of the selected 46 pairs of primers

[ANE R CAH ROk st SEMEREE || s PRCAR ROk faf ZEMEREE
Marker No. Marker name Chr. Loci No. PIC Marker No.  Marker name Chr. Loci No. PIC
BoS01-3 BrBAC004 Col 2 0.204 BoS05-12 BoSF2390 C05 7 0.778
BoS01-4 BrSF257 C01 3 0.397 BoS06-1 BoSF2791 C06 2 0.375
Bos01-5 CB10369 Co1 5 0.743 BoS06-5 BoE569 C06 8 0.813
BoS02-4 BoE162 Cco2 5 0. 663 BoS06-6 BoSF1838 C06 9 0.792
BoS02-10 BoSF2227 €02 3 0.579 BoS06-7 BoSF1215 C06 2 0.327
BoS03-1 BoSF1131 C03 11 0. 885 BoS06-8 BoSF1875 C06 5 0.709
BoS03-2 BrBAC214 Co3 4 0. 584 BoS06-9 BoSF2081 C06 2 0.286
BoS03-4 BoSF905 C03 4 0. 661 BoS07-7 BoE340 Co7 6 0.799
BoS03-6 BoSK042 Co3 3 0.503 BoS07-9 BoSF2819 Cco7 4 0. 662
BoS03-10 BoSF2882 Co3 6 0.782 BoS08-2 BoE916 C08 2 0.323
BoS03-11 BoSF1342 C03 6 0.773 BoS08-3 BoE756 C08 5 0.757
BoS04-1 BrSF024 Co4 3 0. 462 BoS08-4 BoSF1224 C08 7 0. 803
BoS04-3 BoSF1047 Co4 3 0. 568 BoS08-5 BoSF2407 C08 15 0.924
BoS04-5 BoSF1957 Co4 3 0.548 BoS08-8 BoSF1949 C08 4 0.630
BoS04-6 BoSF1378 Co4 2 0. 346 BoS08-9 BoSF233 C08 12 0. 890
BoS04-7 BoE530 Co4 2 0. 356 BoS08-10 BoSF2002 €08 10 0. 859
BoS04-8 BoSF1930 Co4 2 0.310 BoS08-11 BoSF1259 C08 4 0. 660
BoS05-3 BoSF1219 Co5 2 0. 375 BoS09-3 BoSF2206 C09 7 0. 801
BoS05-6 BoSF2562 C05 4 0. 589 BoS09-4 BoSF368 €09 2 0.372
BoS05-7 BoSF169 Co5 2 0.375 BoS09-6 BoSF2421 C09 5 0.761
BoS05-8 BoSF2574 C05 2 0.371 BoS09-7 BoSF1553 C09 2 0.372
BoS05-9 BoSF1464 C05 2 0.071 BoS09-9 BoSF2679 €09 4 0. 690
BoS05-10 BoSF1662 Co5 2 0. 305 BoS09-10 BoSF2720 C09 5 0.701
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Fig.2 Some amplification results of the selection of polymorphism SSR primers
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2012 %, 46 X5 YR 2805 B & 8 (PIC) AR
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Fig. 3 The gel picture of primer BoS03-6 amplification in 27 ornamental kales

2.2 27 BPREIEBEEL ST

FI 5 S £ 46 XF SSR 5 1H7E 27 4y WL BT P
K H WA B 25 R 61T STRUCTURE Bf{A4S
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Fig.4 AK plotted against subgroup number K
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A:K =2,B:K=3,C:K =4
5 K=234/27 BUEPRFEMREFGERE
Fig.5 The Structure bar plot of 27 ornamental kales when K =2,3 ,4

K =4 B],2 20 @l nf 25k kL 05-DH-65 (45 A
7) F106-DH-62 (45 1 16 ) Hop 43y —2 TR
B 2 RN 2 453 58 P A2 A8 Fh 43 S — 28, A i S AU i
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(1 5C), ##E STRUCTURE B %5 #4407, 46 X
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H A ] st A% AH AL R B, W ] UPGMA 5 34T SR 28
GBS B 27 W FE P4 H 35 M R R 28 itk
KK 6), TEAIZREL 0. 52 4b, AT LK 27 3 UL 5t
PIACH WA Lo Ry 2 2 v [ it P i 28 780 A
I3 R R AR 3 S — 28 TEAHILR
£00.57 &b ,27 e kMY R 3 25, P[5 i A g
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TURE 73 #7455 —%, 46 XF SSR 54 7 LR 35 44
R TEXT 27 43 W05 H 85 RN T AR 4 1 43 2
P [ 2 70 R R AR X T 48 i 2K LA HE T A
FHELR,
2.4 27 PR HIE SSR FRICBEME ST

HRE 46 XF SSR 51 Hyxf 27 45 W EE PIA H W b4kt
FRica T ge it 0 .1 B, I R 3R 5 327 Rk
BT, 7 s, A2 1 R A 4%
HEDO SR, MRG0 1 4 BILE R e/ i
K —RAEI Bt 2R 5 = RIS R B
FEERIFRI AL 2 25 (1 7) . BB Bk
5 STRUCTURE 1 UPGMA 52543 #7145 AR W) 4
b B [ RSP 2R A ELA BT Y SR 4 O Rttt —
HEIE T AR/ Bt v . SRS T LK
Fric o B B 45 5 B R H ok, il e —25 1R
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Fig. 6 The dendrogram of 27 ornamental kales by UPGMA cluster analysis based on SSR markers
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Fig. 7 The heat map of 27 ornamental kale SSR genotyping
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324 0y H W R 48 0PI H W EAT T AL AR Sk
S3HT, F5E R IPIACH W5 W] gt TR i st AL A e
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Okumus 2525 7 X RAPD 514y %) 4 B H 5 if b
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R ] B R A W 22 R 1 T 1) 3R TR s
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BEPIACH WM R 0 (R 0 2 R0 5P 2 70 A 2k
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STRUCTRE 4387 i AT LIRS 25 A S AN [R1 S 2 (14 2 52 Fol
e ok, X XA N RAPD ARic 40 Hr 1Y)
SER— 30, SHUIIT R I S S ARiD b 1 45
RA—2, X UL R FH o FhRid 1 7T st 1% 5 R AF 5%
TR S AR e AT A

ABFFERH SSR 7 FARic X 27 17 A [\ 28 4 Y
WLEE PIACH W5 ARk R 47 b 0 43 78 st A% 56 R ST
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